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lhc Clintan P.

DU%WTION

Anderstm Fk5euI~ics Faci 1ity [LMPF]

developing a negative pim radiW7erapy

“ pim deposlts approximately 35 Mew[IwH-T)
(sane high LET) frm the star that is fwmfed

W3em LA?WF reaches its Lksigt goal of one JnA

due to dEldx plus another 40 M

lhem the picw’1is captUr4 m ~.

of proton beam current, we *ld

be able to give doses larger than 100 rads~min. in a one-liter volunR.

PiOns arc pmdamed * pmtam from the half-mile-long linear accel-tar

strike an 8 cm long graphite ta~t. The design goal is to produu 1.0 E-W

pims?lnin. The pions are ml Iected and trmsported to the patient by tlw ~-

WOJ~S lle~ses] md bd~w ~wet~ Of the Bio~dical ~han~e~- ~P Of *

functions of our computer system is to control and monitor the chann~l magMEES,

slits, and wedge.

CURRENT STATUS

The Biomedical Cc&tro] Computer is a PDP-11/45, and the operating

is RSX-IID, Mich is a real-time multi-tasking operating system.’%5

allows a wide variety of tasks to run simultanwusly. One of its features%

time slicing, which gives us the capability of having all tasks beloua cmlain

priority level mtatecm the active task list. Tasks rarely have towait~

than a few seconds before they have access to the CPU.

Most OT the software that communicates with channel hardware was writtm

to be Interrupt-driven rather than continuously polling the hardware to seeff

it neuls servicing. For example, in setting a magnet the appropriate COW-

register is lotded with a number and the task suspends. Then the countti

rqister, in conjunction with associated hardware, changes the magnet bymamnt

proportional to the number that was loaded into ttteregister. When the CtMMCM

megister reaches zero, 4.e., when the magnet reaches it set point, the task fs

resumed and minor ●djustments can be made to the magnet set point. By usiqthe

.
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interrupt-drivm ~=~n~w~~at~fwthan the polling techniqm~ the YMWINS”OR*

CPU and M?’unibus is greatly reduced. . . . . -

M &mIunicatWgwi~~hard--e the f’w-l 1/45 addresses [via the Unilaus]*
.. . NicmprcqmmnabWe Bra~c~ Qr~v~r {~~) > Mtich in turn controls [via the bratwh

~igtwayanda U?JW wats coniIwllw’) a tA?4AC module, e.g., a ci.wntdownre@stzr,

whitihin turn sends ~pp~priate signals to (or mxeives them from] a specific

piece of hardware, Swcfias amagwt controller.

TO treat a tznnm- ‘facertatn shape and size the radiat$cm Merap$st

&ires Me pim stopping distribution G have rO@hly Me same shape ml “
.

slightly larger size so Mat it can be collimated. In crder to deliver sucha

beam theaperator sets the chan~l to a particular “’tune”,i.e., each magnetts

set to a specific current, the appropriate ‘wadgeis inserted, the slit jaus-

positioned correctly. and the target is inserted into the proton beam. h-l

practice, tcJset up a tune (for example, #23), the operator presses abuttan

labeled “Tune 23” and all chanwel elements except the target are set Mamatkally.

This can be accomplished while the medical team positions the next patient.

Control1ing the dose distribution in depth is somewhat more difficult. We

technique is to control the momentum (i.e., stopping) distribution of the ph

beam by inserting the appropriately shaped wedge at the intermediate focus. The

most optimally designed wedge gives the narrowest stopping distribution in i@kh~
= s cm fq&IPIby selectively degrading the higher momeh-tumpdrti~le$. Larger

stopping regicms can be obtained with less optimal wedges (or no wedge), but

it is very difficult to control the shape of the stopping distribution. Our

preferred technique employs the most optimal wedge and a variable-thickness

degrader or range shifter. The thickness of the degrader can be controlted @y

the computer, hence the

mined by the computer.

In preparing for a

on the computer. It iS

shape of the depth distribution can be accurately dc~

treatment considerable treatment-planning work is done

in this stage of the work that the shape of the collGm-

aperture, the shape of the density compensating bolus, and the treatment the

are determined.

Through 1977 only “static” treatments wi11 have been given, that is, trea-

tmentsin which the patient does not move. For each treatment the therapist X

four numbers 011thumbtiheels,any one of wh$~ch wi11 terminate the treatment K
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a mmespwding ccmter mdhes the thmbdwe 1 setting. The t!!ulnbwhHlsf~

ctmcsptmd b pi--flux -Itor no. 1 (ironchamber no. 1), piwe-fk mnitu .
no’. 2 [i& chamber m. 2), proton km cm target monitor, and treatment ti~

These fcwridepefwht systems we calibrated at the start of each trea~

day, and are set ●t I.@, 3.05, 1.10, am! 1.15 times the desired dose =s~wely.

Durirq ● tveatmtmt the caRuJutermcm$tws, records and vwifies tma~

and chmm!~ paml?eters. Since these are non-essential fwcticms, the tma~

,cm be given Mithout the cqwter. However. the use of the computer has b

Fwnd to be very beneficial. as it has o%m detected errors in thmbwhetl tithgs,

‘and warmed of S7 ight dr~ fts in magnets, and other potentially hazardcws c~ti.

The c~ter, in addition, greatly r4uces the set UP time prior to ● tma~t,

and outputs a detailed log upon termination of the treatment.

Early in 1978 ‘Y3ymamicScan” treatments will begin. A Phi1lips ‘couch=

system has been installed in the treatment room, and a second one in the sitiatnr

room. Each couch can be moved with five degrees of freedom~ i.e., z = vertical

translation (along beam line), x = longitudinal and y = lat&al translations,

@ = rotatiun about the vertical beam line, and @ = rotation about a vertical axis

40 cm from the beam line. At present the + rotatiq can be acccmplishd nwdly

only. A PDP-IIJ03 microprocessor is interfaced to the two couches. All fim

degrees of freedom are monitored by the rnicqmocessor and the PDP-11345 ~.

To determine the position {orientation) Of the couch, each computer reads ● lZ-bit

Gray-code optical shaft encoder for each uf tttefive axes. As a backup each

computer also reads a pot voltage for each of the five-position coordinates,

and these are compared to the encoder readings. Instead of using CAMAC, the

micwpro~ssor reads the encoders with a parallel interface through an B to 2

multiplexer and the pot voltages with an analog-to-digital converter.

The microprocessor can move the treatment room couch In x,y,x and 8 by

means of digital-to-anal~ converters (Q.ACIS)connected to motor drivers. h

range shifter (RS) will also be driven by a DAC In the microprocessor and its

position will be detemnined by the same four techniques t.,atthe x,y,z,fl,a.d$

values are determined.

Am addition to the Biumed

&low the range shifter. Each of

and their pos~tions determined i~

Channel wil1 be two jaws (JI and J2) just

these jaws can be positioned by themic~ssor

four ways in aman.ner similar to the range ~ffter.
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A typical dynam$c scan treatment may be carried out as follows: 1) w~e

the medical team is positioning the patient on the treatment couch, the ~~- -

presses a buttm tO set up a tune which produces our ma] lest possible piw-

~ stopping distribution, symmetric in x and y, i.e., circular in shape. 2) T&at- -

~nt files are then tran>mittkd Wm the PDP-11/45 to the PIW-11/#3 via panallel

$nter?aces. 3)” %emicrcywocessov positions the patient to the first poiti(x,

y, z, and 49). Minor corrections to this position may be applied at Ws tfm

#) The treatment room is c1eared af al’1personnel except the patient, the target

is inserted and the treatment cwmnences. 5) The treatment volume is scamad

iwtically by the range Shifter at 60 tiny steps per second. Simultaneously=

jaw (~rposs~bly both jaws) will be moved in synchrcmism with the range shitter

to define an edge of the treatment volume. Obviously, this edge can vary with

depth. The jaw w511 be moved only if the x and y coordinates of the beam S@

are n~ar a tumor edge. 6) The pattefatis translated to a new x, y, and z. gf

x andy are near a tumor edge, the patient is rotated so the edge is paral~el to

the face of a jaw. Step #5 js repeated. 7) Step *6 is repeated until *

entire volume of the tumor is treated. 8) The jaws close quickly, the taqat

is withdrawn, the patient is removed, the next patient is brought in and a-

t7 :dtment is begun.

Needless to say, dynamic scan treatments will not be given without Me

PDP-11/B3 microprocessor, and, hopefully, not without the PDP-11!45 computer for

back-up verification and recording.


